Purpose: There have been studies investigating the pattern of brain activation on cognitive tasks. However, at present, no study has examined verbal fluency tasks using functional near-infrared spectroscopy (fNIR) for the Korean population. The purpose of this study was to investigate age related relative changes of oxygenated hemoglobin during verbal fluency tasks using fNIR, a portable and non-invasive imaging technique.
INTRODUCTION
One of the most commonly and frequently used cognitive tasks of executive functioning for the healthy population is a verbal fluency task. A verbal fluency task (VFT) consists of assessing word retrieval to generate as many words as possible in a set time frame. In the category fluency type (semantic), participants are instructed to generate as many words as possible for a certain category (e.g., sports, fruits or animals). In the latter fluency type (phonological), participants are instructed to produce words beginning with a given letter (e.g., A, B, D).
Verbal fluency tasks are neuropsychological in nature, activating areas of the frontal lobes and providing a measure of cognition. Successful completion of VFTs require planning and cognitive organization, abilities that are considered part of executive functioning (EF), which is controlled by the frontal lobe. Additionally, VFTs assess an individual's word knowledge and their working memory while retrieving specific words. While word knowledge is controlled by the language centers on the left hemi-sphere of the brain, the ability to eliminate words based on the demands of the task and focus only on the target (i.e., words that start with /b/) is an EF ability controlled by the prefrontal cortex [1] . For example, when people generate words that begin with a given letter, they will often go category by category (e.g., foods, objects) or by semantically similar words (e.g., box, boxcar, boxing).
Recent research has shown bilateral activation of prefrontal cortex during VFTs, which challenges the previous existing belief that individuals performing VFTs had left lateralized activation [2] . Lateralization research is contradictory, and more studies need to be done to reach predictable conclusions. One study found increased levels of oxygenated hemoglobin in prefrontal areas of individuals performing VFT when compared to resting baseline levels [3] . The study also measured a decrease in deoxygenated hemoglobin during VF tasks. Together, these measures demonstrate heightened prefrontal cerebral activation as a result of the tasks complex neural requirements.
Functional near-infrared spectroscopy (fNIR) has been used to measure cognitive brain activation changes [4] [5] [6] [7] [8] [9] [10] [11] [12] . An fNIR measures near infrared light absorbance in blood hemoglobin with and without oxygen and provides information about ongoing brain activities in a similar way to fMRI, as confirmed by several recent studies [13] [14] [15] [16] [17] [18] [19] [20] . An fNIR provides relative concentration of oxygenated hemoglobin (Hbo), deoxygenated hemoglobin (Hbr), oxygenation (Oxy;Hbo-Hbr), and total oxygenation (Hbt). This technique overcomes many limitations of fMRI. It is portable, easy to use, and insensitive to body or head movements which can be very useful when working with children, elderly and neurogenic populations. It is also a noninvasive method for investigating brain function in real time.
Some studies have been conducted using fNIR in terms of oxygenation levels in the brain and verbal fluency tasks [2, 3, 8, 9, [21] [22] [23] [24] [25] . Schecklmann et al. [9] investigated test-retest measures of brain activity during VFTs. The study investigated the feasibility of using fNIRs for test-retest measures of cognitive ability. The authors found stable behavioral data over time intervals and proved fNIR's to be a reasonable and reliable measure of brain activation during cognitive tasks over time [9] . These findings support the results from previous studies, in which brain activation was increased during VFTs.
One study investigated age related cognitive tasks with fNIR [26] . The authors found strong left lateralization in young adults during cognitive tasks. Older adults demonstrated more equal activation across the prefrontal cortex on both hemispheres. It is suggested that this highlights a neurological compensatory strategy utilized by older individuals. As certain areas of the aging brain become less effective, other regions step in to contribute to task performance. This is of interest to studies that look at age-related performance in verbal fluency tasks, since the tasks require multiple neural regions that control both semantic knowledge and executive functioning. The existing fNIR research, however, remains contradictory.
Another study investigated levels of oxygenation in prefrontal cortex during verbal fluency tasks in two different age groups [2] . The authors found reduced activation of prefrontal areas in older adults when compared to younger adults performing VFT tasks; however, despite neural activation differences, there was no significant difference in task performance across the two groups. Both older and younger adults were able to generate more words for high-productivity criteria than low-productivity criteria. It is worth noting that the older adults in the study were considered "high-performing" (i.e., well-educated), possibly affecting the results.
On the contrary, another study found that when compared to healthy aging adults, young adults outperformed their elders on VFT and word generation [23] . The study hypothesized that processing speed, not verbal abilities, explained the differences in performance. Additionally, researchers performed a study that supported previous existing research demonstrating between category performance differences across age groups [22] . In this study, younger and older adults demonstrated similar performances for VFTs (i.e., words beginning with /b/); however, younger adults significantly outperformed older adults on VF categorical tasks (i.e., fruits). Further research needs to be carried out to isolate specific performance differences between younger and older adults.
There are no studies that address the concept of verbal fluency tasks using fNIR with the Korean population. Therefore, the purpose of this study was to assess age related brain activation changes for two verbal fluency tasks. By taking individuals from different age groups, comparisons were made based on the participant's stage of life and the levels of oxygenation within the brain while performing the verbal fluency tasks.
METHODS
Participants 9 younger participants (5 males and 4 females, mean age: 23.9 years old) and 6 older adults (3 males and 3 females, mean age: 67.7 years old) with no history of neurogenic/language disorders and psychological disorders living in South Korea, voluntarily participated in this study. The older adults performed the Korean version of the Mini-Mental Status Examination (K-MMSE) for cognitive disabilities. All of them were in the normal range (above 24). The mean score of the K-MMSE was 29 points with 0.45 SD.
Procedure

Verbal fluency task
For the phonological fluency task, each participant was asked to clearly produce as many words as possible beginning with a letter /d/ for 30 seconds. For the semantic fluency task, each participant was instructed to generate as many words as possible for an animal category for 30 seconds.
For each task, there was a 60 second break after the first task and the order of the tasks were counterbalanced.
Functional near-infrared system
The participants were monitored using functional near-infrared spectroscopy (fNIR) while accomplishing verbal fluency tasks. We used a 16-channel fNIR optical brain imaging system (fNIR 400A, Biopac company) linked to an fNIR sensor (18 cm × 6 cm × 0.8 cm) consisting of 4 LED light sources and 10 detectors. Oxygen levels in the prefrontal cortices were detected using the 16 voxels with the source detector. Therefore, 16 recording channels were generated. Cognitive optical brain imaging (COBI) studio software was used for data collection. fNIRSOFT (Biopac Systems, Inc.) visual spectroscopy signal analysis software was used to process and analyze the data [28] . The fNIR sensor, which emits light at two wavelengths (730 nm and 850 nm), was placed on the participant's forehead over the international (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) electrode EEG placement F7, Fp1, Fp2, and F8 (left and right hemispheres) positions and secured using a flexible headband [27] . A baseline was established by asking the participants to close their eyes for approximately 1 minute before the verbal fluency tasks took place. fNIR data was collected while the participants were instructed to generate as many animal names or nouns with an initial letter /d/ as possible.
fNIR data processing
The relative concentrations of average values for oxygenated hemoglobin (Hbo) and total oxygenation (Hbt) in the prefrontal cortex, including Brodmann's areas 10, 9, 45, and 46, were collected and used as the dependent variable in this study. The average changes in relative concentrations of oxygenation comparing to the initial eye close phase were calculated using modified Beer-Lambert Law. The raw light intensity measures were filtered using the low pass filter with a cut off at 0.1 Hz, and motion artifacts, induced by the head or body movement, were removed by using a sliding window motion artifact rejection (SMAR) system within fNIRSOFT. The exported data was further analyzed using Matlab ®2017a (The MathWorks Inc., Natick, USA). The fNIR Hbo and Hbt data was analyzed for both hemispheres.
RESULTS
Verbal fluency tasks
The mean numbers of naming words with a letter /d/ (phonological fluency task) for younger and older participants were 6.7 and 4.2. Also, the mean numbers of naming animals (semantic fluency task) for younger and older groups were 13 and 9.9 respectively.
The one-way ANOVA results showed that there was a significant difference in the task of naming words with a letter /d/ for younger and older groups, F(1,13) = 8.83, p < 0.05, However, there is no difference in the task of naming animals between the two groups, F(1,13) = 0.771, p = 0.391 (Figure 1 ). fNIR Analysis A 2 × 2 × 2 analysis of variance (ANOVA) mixed design with a between factor (younger, older) and two tasks (letter and animal naming), and hemisphere (left and right) as within factors for the mean Hbo values did not show any significant main effects on the three independent variables and interac- tion effects among them. Therefore, the mean Hbt values for the three variables were further analyzed. All effects were reported as significant at p < 0.05. There was a significant main effect on hemisphere, F(1, 52) = 6.37 indicating that there is the mean Hbt value difference between left (m = 1.2) and right (m = 1.96) hemispheres. There was also an interaction effect between age and hemisphere, F(1, 52) = 9.98. This indicates that the mean Hbt value differences on left and right hemispheres differ in younger and older groups. Following a simple effect analysis revealed that the older group showed the significant Hbt difference between the left and the right hemisphere, F(1, 56) = 11.20. Furthermore, after analyzing the interaction graph, mean Hbt values of the right hemisphere were higher than that of the left hemisphere in the older group (Figure 2 ).
There was a significant interaction effect between tasks and age, F(1, 52) = 4.84. This indicates that the mean Hbt differences between the two tasks differ in younger and older groups. A simple effect analysis was performed comparing each task to each age group. This revealed a significant interaction when comparing the mean Hbt of older and younger to the letter /d/ naming task compared to the animal naming task F(1, 56) = 4.19. There was a significant mean Hbt difference in the older group. Furthermore, the interaction graph shows that the older group had a higher Hbt mean value in the letter /d/ naming task than in the animal naming task (Figure 3) .
Finally, the age × hemisphere × tasks interaction was significant, F(1, 52) = 7.30. This indicates that previously described interaction of hemispheres × age differ in the letter /d/ and the animal naming tasks.
The result of following analysis showed that the mean Hbt difference between the left and right hemisphere in the older group was much larger than in the younger group at the letter /d/ naming task, F(1, 26) = 15.9. There was no significant mean Hbt difference of hemispheres comparing to the two age groups at the animal naming task, F(1, 26) < 1 ( Figure 4 ).
Another analysis of simple main effect revealed that the 
DISCUSSION AND CONCLUSIONS
The aim of the current study was to investigate the concentrations of oxygenated hemoglobin and total hemoglobin levels for two different verbal fluency tasks in young and elderly Korean participants. We examined Hbo and Hbt values across two verbal fluency tasks for younger and older groups. For the behavioral test, all participants produced fewer words in the letter naming task than in the animal naming task. The study revealed a significant difference in behavioral results for the letter naming task, but no significant difference was found in the animal naming task. This indicates that the phonological fluency task (letter /d/ naming) is more difficult than the semantic fluency task (animal naming) for both younger and older groups. The older group also showed more difficulty in the more challenging task (letter /d/ naming). The results in the current study are not consistent with some of the previous findings, in which older participants performed as well as the younger participants [2, 21] . However, this may be explained by a verbal fluency study [2] , in which the authors concluded that the comparable performance was due to highly educated older participants. Older participants in our study, unlike in the previous study, were not highly educated.
The fNIR brain activation results showed that there was a significant Hbt difference between left and right hemispheres for the older group, but no significant difference for the younger group. The results were consistent across tasks. This suggests that the younger group used left and right hemisphere more equally regardless of how difficult the tasks were.
Furthermore, the older group showed significant Hbt value differences between two verbal fluency tasks. However, there were no Hbt value differences between the two verbal fluency tasks for the younger group. Specifically, when the older group performed the letter /d/ naming task, Hbt values of the left and right hemispheres were significantly different. Hbt values on the right hemisphere were much higher than on the left hemisphere in the older group. However, this phenomenon did not occur when they performed on the animal naming task. This suggests that when a task is more difficult, the older group may need more involvement of right hemisphere to deal with the task. On the contrary, the younger group possibly can manage a difficult task with relatively equal levels of Hbt activation on both hemispheres.
The results of the current study demonstrate a consistent pattern, in which the younger participants show higher oxygenated hemoglobin levels than the older participants in both the left and right hemispheres during the animal naming tasks, but not during the letter /d/ tasks. These results are consistent with those in some of the previous related fNIR studies [2, 5, 22] They found a constant decrease in oxygenation levels with healthy elderly participants. According to Kahlaoui et al. [2] , significant reduced oxygenated hemoglobin was observed in elderly participants than in younger participants for both letter and category verbal fluency tasks.
However, in the current study during the letter naming task there was an exception for the brain activation pattern, which showed higher activation in right hemisphere in older participants compared to younger participants. This might be somewhat explained by the phenomenon described as Hemispheric Asymmetry Reduction in Older Adults (HAROLD) [26] . This theory suggests that prefrontal brain activity is more lateralized in the left hemisphere in younger participants than in older participants, during cognitive activities while older participants show more bilateral activation. In our study, the younger participants showed higher levels of Hbt in the left hemisphere compared to the right hemisphere during the letter naming task. Relatively the same pattern was shown during animal naming tasks. However, the older participants showed significantly higher Hbt levels in the right hemisphere during the letter naming task. Thus, consistent with younger participants and inconsistent with older participants in this theory. The reasons for the Hbt asymmetry in the older participants are obscure. One possibility is that older participants need extra support from the right hemisphere to complete the task. Therefore, in a relatively difficult cognitive task, brain reorganization occurs to compensate for the reduced prefrontal activation [2, 21, 26, 29] .
Some limitations of this study should be addressed. First, a larger group of younger and older individuals could influence the results. Furthermore, a gender effect could be explored with a larger participant group. Second, only one type of letter condition (d) and category condition (animal) was utilized to examine verbal fluency in this study. Using different types of verbal fluency tasks could bring about more meaningful results. Third, the fNIR tool used in the study itself has a limitation since it covers limited brain areas. It would be beneficial to use full head fNIR which records hemodynamic informa-tion from more cerebral cortices to be able to investigate meaningful brain activation in verbal fluency tasks. Therefore, these limitations need to be addressed in future studies.
In conclusion, this study investigated age related brain activation changes for phonological and semantic verbal fluency tasks. The behavioral results showed that younger individuals produced more words for both tasks. We also found a significant word production difference for the phonological verbal fluency task between the two groups. The fNIR results showed that older individuals used the right hemisphere more significantly to complete the phonological verbal tasks. Younger individuals showed higher activation in both hemispheres during the semantic verbal task, but not in the phonological fluency task, compared to the older individuals. These results suggest that there are age related brain activation differences during verbal fluency tasks.
